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This study aims to evaluate the antimicrobial activities of endophytic fungi from marine brown algae Padina sp.
collected from Nirwana Beach, Padang, West Sumatera, Indonesia. The isolation of endophytic fungi was conducted
using dilution method with Sabouraud Dextrose Agar (SDA) + Chloramphenicol as a growth medium. Nine fungi

strains have been isolated from this alga. Purely isolated fungi were cultivated using rice as a medium at room
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temperature for 3—4 weeks. The secondary metabolite produced by fungi was extracted using ethyl acetate (EtOAc)
as a solvent. The antimicrobial activity of EtOAc extracts was tested against Staphylococcus aureus, Escherichia
coli, and Candida albicans by using the agar diffusion method. In this research, nine endophytic fungi were isolated
from the brown marine algae Padina sp. The results of antimicrobial activity screening showed that one fungal isolate
(Nita,) was selected as the most active against S. aureus, E. coli, and C. albicans with a diameter of inhibition zone of
20.98 £ 1.56 mm, 17.98 £ 6.58 mm, and 13.60 + 0 mm, respectively. This selected fungus was identified molecularly
as Trichoderma harzianum. We conclude that 7. harzianum can be a source of antimicrobial compounds. However,

continuous research is needed to prove its bioactive action.

INTRODUCTION

Secondary metabolite compounds, which are produced
by marine-derived fungi, are potential sources of novel antibiotic
lead and bioactive compounds. As the success in finding the
antibiotic penicillin as a chemical compound produced by the
fungus Penicillium notatum, various types of fungi are currently
seriously studied in the discovery of bioactive compounds
(Hawksworth, 1991). Marine-derived endophytic fungi living in
the internal tissue without causing a negative effect to their host
have proven to be prolific sources of bioactive natural products with
unique structures and potent pharmaceutical activities (Bacon and
White, 2000; Bugni and Ireland, 2004; Strobel and Daisy, 2003).
Fungi have been obtained from virtually every possible marine
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habitat, including marine plants (algae, driftwood, and mangrove
plants), marine invertebrates (sponges, corals, ascidians, and
holothurians), and vertebrates (mainly fish). Among them, algae
are one of the most prevalent sources of marine-derived fungi for
chemical studies. A number of previous studies reported that the
diversity of fungi is influenced by the nutrients availability and
other physicochemical conditions of the coastal ecosystem (Ashok
etal., 2015).

Natural products of algal-derived endophytic fungal
have been the subject of many chemical reports, especially in
the past 10 years. Several new compounds have been isolated
and identified with a wide range of biological properties,
including anticancer, antibiotic, antiviral, antioxidative, and
kinase inhibitory or activated activities (Flewelling et al., 2015;
Rateb and Ebel, 2011, Singh et al., 2014). Varioxepine A, a new
alkaloid contained 3H-oxapine isolated from the marine alga-
derived fungus Paecilomyces variotti, for example, has potent
antimicrobial activity against several human pathogenic bacteria
with the minimal inhibitory concentration (MIC) values ranging
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from 16 to 46 pg/ml (Zhang et al., 2014). In addition, the study
of Wong et al. (2015) revealed that endophytic fungi from marine
algae Padina sp. have potent antimicrobial activity against some
pathogenic microbes.

West Sumatera, Indonesia, has a high species diversity
of marine algae but there are only a few reports on the screening
of West Sumatran marine algae-derived fungi for antibacterial and
antifungal activities. The present research was made to study the
endophytic fungi isolated from marine algae, Padina sp. and its
antimicrobial activity against S. aureus, E. coli, and C. albicans
by using the agar diffusion method.

MATERIALS AND METHODS

Sample preparation

Padina sp. was collected from Nirwana Beach, Padang,
West Sumatera, Indonesia. This marine brown alga was rinsed
using sterile sterile sea water and immersed in 70% ethanol for
60—120 seconds and then put in the plastic containing sterile
sea water. It was then stored in the icebox and transported to the
laboratory for further investigation (Kjer et al., 2010).

Isolation of endophytic fungi from marine brown algae
Padina sp.

Padina sp. was cut into small pieces. Approximately 10
¢ of this sample was dispersed in sterile seawater until the volume
on Erlenmeyer achieved 100 ml. The mixture was then diluted
until 10~® ml. One milliliter of the sample was poured aseptically
onto SDA (SDA + Chloramphenicol) medium in the Petri dish.
The plate was incubated for 5—7 days at temperature 25°C-27°C.
Colonies which showed different shapes to others were regarded
as different isolates and then purified by the scratch method to obtain
pure single isolate (Kjer et al., 2010).

Cultivation of pure fungi isolate in the medium of rice

Fungi isolate in the Petri dish was cut 1 x 1 cm, and then
cultured in rich medium and incubated at room temperature for
4-6 weeks. The fungi grow maximally when all part of rice was
covered by the fungi isolate (Kjer ef al., 2010).

Extraction of a secondary metabolite of fungi isolate

Pure isolate, which had been grown for 4-6 weeks, was
extracted by maceration with ethyl acetate (EtOAc) with the ratio
1:1 for 24 hours and then filtered. The macerate of EtOAc was
evaporated with a rotary evaporator to produce the extract of
fungi. Then, the extract was ready to be screened for antimicrobial
activity (Kjer et al., 2010).

Screening for antimicrobial activity

Screening for antimicrobial activity was tested against
S. aureus, E. Coli, and C. albicans using the agar diffusion
method. The extract was diluted with dimethyl sulfoxide
(DMSO) to reach the concentration of 5%, 3%, and 1%. One
piece of sterile disk paper (6 mm) was soaked in each of EtOAc
extract concentration. DMSO was used for negative control and
gentamicin disk as a positive control for bacteria and nystatin
disk as a positive control for fungi. Zone of inhibition (mm) was
measured after incubation at a temperature of 37°C for 18-24
hours (Bauer et al., 1959).

Phytochemical screening of endophytic fungi extract

Phytochemical screening was done for all EtOAc endo-
phytic fungi extracts by using the standard method of Tiwari et al.
(2011). This method aims to know the alkaloid, phenolic, terpenoid,
and steroid compound from each endophytic fungus extract.

Alkaloid detection

0.5 ml diluted hydrochloric acid (10%) was used to
dissolve 1 ml extract then filtered. Furthermore, the 1 ml filtrate
was added with three to four drops of Mayer reagent. Positive
alkaloid will be shown by the yellow color of the filtrate.

Phenolic detection

The extract (1 ml) was dissolved with 0.5 ml diluted
hydrochloric acid (10%) then filtered. The filtrate was then added
with —three to four drops of ferric chloride solution. Positive
phenolic will be shown by the blue color of the filtrate.

Steroid and terpenoid detection

The extract (1 ml) was dissolved with chloroform then
filtered. The filtrate was then added with one to two drops of acetic
anhydride (99%) and concentrated H,SO,. The positive steroid
will be shown by the blue or purple color of the filtrate, while
terpenoid will be indicated by the red color of the filtrate.

Molecular identification

DNA extraction

DNA extraction was conducted by the following
modification method of Atashpaz e al. (2010). Once the fungus
was grown in the SDA media for 24 hours, its cell biomass was
then transferred to the microtube containing 500 pl of lysis buffer.
The mixture was centrifuged at 18,000 rpm for 5 minutes at 4°C.
The filtrate was removed, and the pellet-contained DNA was
dissolved with 50 pl of TE buffer pH 8.0.

Polymerase chain reactions (PCR) amplification and sequence
of ITS-encoding gene

PCR thermal cycler (KOD FX Neo, Toyobo, Japan)
machine was used for PCR amplification. This PCR following PCR
master mix protocol, KAPA2G Fast Ready mix PCR kit, with primer
internal transcribed spacer (ITS)1 (F 5°- TCC GTA GGT GAA CCT
GCG G-3’) and primer ITS4 (R 5’- TCC TCC GCT TAT TGA TAT
GC-3’). The PCR amplification reaction is as follows: The reaction
involved one cycle at 95°C for 5 minutes, followed by 35 cycles
with a step of denaturation at 95°C for 30 seconds, step annealing
at 55°C for 1 minute, and step extension at 72°C for 1 minute,
followed by one cycle at 72°C for 6 minutes (Ferrer et al., 2001).

The PCR products were sent to first Base Malaysia
for sequencing. The sequences were trimmed and assembled by
using the BioEdit v.7.0.5 program. Furthermore, the sequences
were subjected to BLAST on NCBI and species identification
using the BOLD system. Neighbor-joining method was used for
constructing the phylogenetic tree with a bootstrap value of 1,000
replication by using MEGA 7.0 software (Kumar et al., 2016).

RESULTS AND DISCUSSION

Our continuous research has been carried out to isolate
the marine fungi, especially those from marine sponges. The
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screening of antimicrobial and anticancer activities of fungi
extracts showed that it can be exploited as alternative sources
for biomedical therapy (Artasasta et al., 2018; Handayani and
Aminah, 2017; Handayani and Artasasta, 2017; Handayani et
al.,2016;2018). Some marine sponge-derived fungi were proved
to produce some bioactive compounds which are beneficial
for health. The marine brown algal genus Padina are widely
distributed throughout the tropics and are very easy to recognize
in the field. Based on a study by Wong et a/. (2015), endophytic
fungi founded in Padina sp. were active against some pathogen
microbes. Due to their different and unique living condition,
Padina sp. collected from Indonesia was thought of having some
different kinds of endophytic fungi which may lead to the new
source of new chemical structures from marine algae. Based
on antimicrobial activity that showed in Table 1, six extracts of
fungi were active against E. coli and five extracts were active
against S. aureus and C. albicans in the concentration of 5%.
Based on the diameter of the inhibition zone, there were two
isolates showing the promising results, Nita, (NT,) and NT,. The

inhibition zone from the extract NT, and NT, against S. aureus
was 17.09 and 12.8 mm, respectively. However, against E. coli,
only NT, had good promising antibacterial with a diameter of
inhibition zone of 13.60 mm and NT, had no activity. Extract
NT, and NT, against pathogenic fungus, C. albicans, also had
good promising activity with a diameter zone of 20.98 and 11.1
mm, respectively.

Compared to all endophytic fungi isolate, NT,
was the most active against all tested pathogenic microbes.
Macroscopically, NT, has white color at the upper and green
color at the bottom, almost radial shape, and furred. Based on
the molecular identification using the ITS region, the obtained
DNA band was around 640 bp (Fig. 1). A BLAST search in
NCBI-GenBank showed that the NT, isolate had a maximum
identity of 99% with T. harzianum. Using the BOLD system,
NT, isolate showed 99.63% similarity with 7. harzianum. There
is no enough morphological information about 7. harzianum,
but at the genus level, Trichoderma is known to have white,
yellow, until green color, macroscopically. Trichoderma sp. is a

Table 1. Antimicrobial activity of EtOAc extract of endophytic fungi from marine algae Padina sp.

Zone of inhibition (mm) + standard deviation (SD)

Fungi code E. coli S. aureus C. albicans
1% 3% 5% 1% 3% 5% 1% 3% 5%

NT, - - - - 7.10 + 0.00 8.00 = 0.00 - 7.00 £ 0.00 8.00 + 0.00
NT, 7.45 +0.00 8.75+0.00 9.10 £ 0.00 - - - - - 6.70 +0.00
NT, 8.07+1.91 18.0+ 1.75 209+ 1.55 9.90 +0.35 15.4+4.56 17.1 £6.57 - 6.35+0.00 13.6 £0.00
NT, 10.1 +£2.89 7.50+0.21 8.10 + 6.57 - - - - 7.00 + 0.00 6.00 = 0.00
NT, - - - 7.20 +£0.00 7.55+0.00 10.1 +£0.00 - - -

NT, 6.95 +0.00 7.50 £ 0.00 7.58 +0.00 - - - - - -

NT, - 7.90 +0.00 8.50 +0.00 - 6.05 +0.00 8.47 +£0.00 - - 6.50 +0.00
NT, - - 7.35+0.00 - - - - - -

NT, - - - 7.20 +0.00 12.4£0.00 12.8 £0.00 - 6.60 + 0.00 11.1£0.00

KP115286 Trichoderma guizhouense
39
49| AB606413 Trichoderma harzianum
99 [ KY474523 Trichoderma lixii
AF443919 Trichoderma harzianum
GU355655 Trichoderma harzianum
750 bp 100 NT3
100
KC859428 Trichoderma harzianum
JX238476 Trichoderma eijii
| —
0.20

Figure 1. PCR product of ITS gene from NT3 isolate derived from Padina
sp. There is a 640 bp band from the sample and the marker is 1 kb.

Figure 2. The phylogenetic tree inferred using the neighbor-joining method
of ITS sequence of NT, endophytic fungal from Padina sp. and its allied taxa.
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Table 2. Phytochemical screening of EtOAc extract of endophytic fungi from marine algae Padina sp.

Secondary metabolite compound

Fungi code
Alkaloid

Phenolic

Terpenoid/Steroid

NT
NT
NT

| ™
2 *)
3 o)
NT, )
NT, ©)
NT, *)
NT, )
™)
) )

NT,
NT

(G)
()
©)
)
©)
)
(G)
(G)
(+)

©)
©)
©)
)
©)
©)
)
)
()

Table 3. Estimation of evolutionary divergence between sequences using the Kimura 2-parameter model.

1 2 3 4 5 6 7 8

1 NT3

2 KY474523 Trichoderma lixii 1.227

3 KP115286 Trichoderma guizhouense 1.217 0.004

4 GU355655 Trichoderma harzianum 0.230 0.585 0.585

5 AB606413 Trichoderma harzianum 1.217 0.002 0.002 0.580

6 AF443919 Trichoderma harzianum 1.111 0.233 0.236 1.223 0.236

7 KC859428 Trichoderma harzianum 0.039 1.072 1.064 0.283 1.064 0.975

8 JX238476_Trichoderma_eijii 1.904 1.473 1.488 1.657 1.473 1.655 1.805
microorganism living in almost all kinds of soil, varied habitat, CONCLUSION

and is a saprophyte (Harman, 2000).

Neighbor-joining method was used for constructing the
phylogenetic tree with a bootstrap value of 1,000 (Fig. 2). In this
tree, NT, is clustered together with 7 harzianum KC859428 from
Kerala (India). The genetic difference between them is only 3.9%
according to the Kimura 2-parameter model (Table 3). Trichoderma
harzianum is actually synonym to 7. lixii and T. guizhouense
(Chaverria et al., 2003; 2015). Using the entire ITS region,
the threshold value of 99% similarity is set for distinguishing
species in a genus (Garnica ef al., 2016). This implies that the
classification of the genus Trichoderma needs to be revisited.
Little is known about the bioactive compound of 7. harzianum
as an antibacterial agent. However, a metabolite of a genus of
Trichoderma repeatedly shows interesting bioactivity against
pathogenic bacteria. Aspereline A isolated from Trichoderma sp.,
for example, has bioactivity against S. aureus and E. coli with
MIC < 100 pg/ml (Ren et al., 2009). In addition, Trichoderin A
isolated from Trichoderma sp. has a potential bioactive against
Mycobacterium smegmatis, M. bovis, and M. tuberculosis with
MIC < 2.0 pg/ml (Pruksakorn et al., 2010).

Study of Ghisalberti and Rowland (1993) about anti-
fungal metabolites from 7. harzianum revealed that octaketide
keto diol and octaketide-derived compounds have strong antifun-
gal against Rhizoctonia solani. These compounds are polyketide
group, which is responsible for their antimicrobial properties
(Hermosa et al., 2014). Phytochemical screening of extracts from
nine isolates showed alkaloid, phenolic, triterpenoid, and steroid
compounds (Table 2). However, the NT, extract showed negative
results for this test. Therefore, polyketide was estimated as a com-
pound for providing an antimicrobial property of 7. harzianum.

Endophytic fungal NT, from Padina sp. showed
potential bioactive against several pathogenic microbes S. aureus,
E. coli, and C. albicans. Molecular characterization indicated that
NT, was T. harzianum. Further research needs to be conducted to
determine the bioactive compound that has a role in inhibiting the
growth of these pathogenic microbes.
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